Abstract: This paper proposes a new reactive-power sharing scheme to reduce the circulating current when two inverter-based distributed generations (DGs) operate in parallel through unequal line impedances in an islanded microgrid. If the terminal voltages of the two DGs are not equal due to the unequal line impedances, a circulating current due to reactive-power unbalance occurs, which increases system loss. The proposed droop control compensates the terminal voltage difference to reduce the circulating current by considering a feed-forward path of the line voltage drop. The feasibility of the proposed droop control was first verified through computer simulations, and then experiments with a hardware set-up in the lab. The experimental results were compared with the simulation results to confirm the feasibility of the proposed droop control.
a larger droop coefficient, the output voltage range permitted for the system will be exceeded although the dynamic characteristics will be improved and reactive power sharing will be obtained. In case of inserting virtual inductor, the sine wave output current is differentiated and multiplied by virtual inductance. Thus, if the output current is mixed with high frequency noises, noise amplification will occur which could deteriorate the control stability.
An improved droop control scheme was proposed for reactive power sharing in islanded microgrids, which uses the error reduction operation by low-bandwidth synchronization signal and the voltage recovery operation to compensate the voltage reduction due to the error reduction operation [11, 12] . A secondary voltage control scheme was proposed for reactive power sharing in islanded microgrid [24] . This scheme inserts an integral term into the voltage droop function in which the voltage compensation signal from the secondary voltage control is utilized as the reactive power reference. However, both schemes require communication link for supplying the low-bandwidth reference signal.
In references [25, 26] , the line impedance influence on the control scheme for two parallel operated inverters was described. This paper proposes an improved droop control scheme for reactive power sharing in two parallel-connected DGs through unequal line impedances, in which the voltage drop due to the line impedance is compensated by feed-forwarding. Since the proposed droop control requires an accurate estimation for the line impedance, a new estimation method for the line impedance was proposed and its performance was verified by computer simulation. There are several active methods to estimate the line impedance with software approaches [27] [28] [29] . One typical method is to inject the harmonic current and to measure the corresponding voltage and current of grid for estimating the line impedance. However, the performance of this method is affected by the background harmonic component. Another method is to measure the grid voltage and current at two different operating points which are changed by adjusting the active and reactive powers [30] . This paper proposes a new estimation method for the line impedance in which the slope of V-Q line characteristic is measured by small-step changing of the reactive power until the estimated value is equal to the actual value.
In this paper the concept of proposed droop control is described in Section 2. The estimation of line impedance using the droop control is explained in Section 3. The voltage control design for inverter-based DG is described in Section 4. The simulation results for parallel-connected DGs with unequal line impedances are described in Section 5. Finally, the experimental results for parallel-connected DGs with unequal line impedances are described in Section 6. Figure 1 shows a simple equivalent circuit of DG connected to the AC grid. The principle of general droop control is that the magnitude and phase of the DG output voltage are used for the control of active and reactive powers.
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Energies 2017, 10, 1800 2 of 18 a larger droop coefficient, the output voltage range permitted for the system will be exceeded although the dynamic characteristics will be improved and reactive power sharing will be obtained.
In case of inserting virtual inductor, the sine wave output current is differentiated and multiplied by virtual inductance. Thus, if the output current is mixed with high frequency noises, noise amplification will occur which could deteriorate the control stability. An improved droop control scheme was proposed for reactive power sharing in islanded microgrids, which uses the error reduction operation by low-bandwidth synchronization signal and the voltage recovery operation to compensate the voltage reduction due to the error reduction operation [11, 12] . A secondary voltage control scheme was proposed for reactive power sharing in islanded microgrid [24] . This scheme inserts an integral term into the voltage droop function in which the voltage compensation signal from the secondary voltage control is utilized as the reactive power reference. However, both schemes require communication link for supplying the low-bandwidth reference signal.
In this paper the concept of proposed droop control is described in Section 2. The estimation of line impedance using the droop control is explained in Section 3. The voltage control design for inverter-based DG is described in Section 4. The simulation results for parallel-connected DGs with unequal line impedances are described in Section 5. Finally, the experimental results for parallel-connected DGs with unequal line impedances are described in Section 6. Figure 1 shows a simple equivalent circuit of DG connected to the AC grid. The principle of general droop control is that the magnitude and phase of the DG output voltage are used for the control of active and reactive powers. The ω-P droop and V-Q droop controls can be expressed by Equations (1) and (2): The ω-P droop and V-Q droop controls can be expressed by Equations (1) and (2):
Proposed Droop Control
Droop Control Concept
Energies 2017, 10, 1800
where, ω and E represent the frequency and magnitude of the DG output voltage, respectively, ω * and E * represent the nominal frequency and voltage at the point of common connection (PCC), respectively, and k p and k q are the droop coefficient for frequency and voltage control, respectively.
Reactive Power Sharing
The output voltage of two parallel-operated DGs should be same or proportional when the droop control is applied. However, if the line impedances are not equal, reactive power sharing problem occurs. Figure 2 shows an equivalent circuit for two parallel-operated DGs [19] . If the circuit is numerically examined on the d-q rotational coordinate, the V-Q droop control can be expressed by Equation (3):
where, E di and E qi are the DG output voltage on the d-q synchronous coordinate, respectively, and E In order to analyze the reactive power sharing, equivalent circuits on the d-q rotational coordinate are derived by the V-Q droop equation shown in Equation (3) . Figure 3 shows the d-q equivalent circuits for the DG connected to the load neglecting the line impedance. The reference DG output voltages on the d-q synchronous coordinate are expressed by Equation (4) if the line impedance is neglected: In order to analyze the reactive power sharing, equivalent circuits on the d-q rotational coordinate are derived by the V-Q droop equation shown in Equation (3) . Figure 3 shows the d-q equivalent circuits for the DG connected to the load neglecting the line impedance.
Energies 2017, 10, 1800 3 of 18
where, ω and E represent the frequency and magnitude of the DG output voltage, respectively, ω * and E * represent the nominal frequency and voltage at the point of common connection (PCC), respectively, and k and k are the droop coefficient for frequency and voltage control, respectively.
where, E and E are the DG output voltage on the d-q synchronous coordinate, respectively, and E * and E * are the generated d-q reference voltage of DG for i 1, 2, respectively. The value of E * is equal to the nominal value of E and the value of E * is equal to 0 because the nominal voltage E is located in parallel with the d-axis. In order to analyze the reactive power sharing, equivalent circuits on the d-q rotational coordinate are derived by the V-Q droop equation shown in Equation (3) . Figure 3 shows the d-q equivalent circuits for the DG connected to the load neglecting the line impedance. The reference DG output voltages on the d-q synchronous coordinate are expressed by Equation (4) if the line impedance is neglected: The reference DG output voltages on the d-q synchronous coordinate are expressed by Equation (4) if the line impedance is neglected: 
Assuming that the d-q rotational coordinate is set on the load voltage, the d-component load voltage V L_di is equal to the load voltage V L_i and the q-component load voltage V L_qi is equal to zero as shown in Equation (6):
Equation (7) is obtained to express the relationship between the load voltage and the reactive power:
Therefore, if the line impedance is negligible, the reactive power sharing is determined only by the variation of load voltage. No issue occurs on the reactive power sharing between two parallel-operated DGs, which can confirmed by Equation (8):
However, if line impedance is involved, the reactive power sharing is not determined by Equation (8) . Figure 4 shows the d-q equivalent circuits for the DG connected to the load considering the line impedance. 
Assuming that the d-q rotational coordinate is set on the load voltage, the d-component load voltage V _ is equal to the load voltage V _ and the q-component load voltage V _ is equal to zero as shown in Equation (6):
However, if line impedance is involved, the reactive power sharing is not determined by Equation (8) . Figure 4 shows the d-q equivalent circuits for the DG connected to the load considering the line impedance. The voltage relationship in the above equivalent circuits can be expressed by Equation (9):
where, I and I are the d-q axis currents, R and X are the line resistance and reactance respectively. Assuming that the power angle between the DG output voltage and the load voltage is very small, the q-axis voltage can be neglected as shown in Equation (10):
Equation (11) can therefore be derived from Equation (9):
and the relationship between the reactive power and the line impedance can be derived by Equation (12): The voltage relationship in the above equivalent circuits can be expressed by Equation (9):
where, I di and I qi are the d-q axis currents, R i and X i are the line resistance and reactance respectively. Assuming that the power angle between the DG output voltage and the load voltage is very small, the q-axis voltage can be neglected as shown in Equation (10):
Energies 2017, 10, 1800 5 of 20 and the relationship between the reactive power and the line impedance can be derived by Equation (12):
If DG 1 and DG 2 are connected to the load through two lines with unequal impedance, the 3rd and 4th terms of Equation (12) have different values for each DG. Therefore, the reactive power sharing problem occurs between DG 1 and DG 2 due to the coupling effect between the line current and the line impedance.
Proposed Droop Control
This paper proposes a feed-forward scheme into the V-Q droop control to compensate the line voltage drop, which is directly applied on the d-q transformed state. The affection of source impedance can be reduced using decoupled active and reactive powers. In addition, the reference voltage of the V-Q droop equation can be revised by a simple calculation.
In order to compensate the line voltage drop with feed-forward manner, Equation (13) is derived from Equation (9) by replacing the load voltage V L_i with the nominal voltage E i :
(13) Figure 5 shows the d-q equivalent circuits derived from Equation (13) . These two equivalent circuits show how the proposed method can carry out the reactive power sharing using the feed-forward compensation.
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Line Impedance Estimation
Exact line impedance should be known before applying the feed-forward scheme in the proposed droop control. In this paper a new method to estimate the line resistance and reactance is derived and its performance was confirmed by simulation. Figure 6 shows d-q equivalent circuits for estimating the line impedance. In the equivalent circuits shown in Figure 5 , the line impedance for feed-forward compensation was replaced by unknown estimated line impedance R jX , and the d-axis reference voltage is replaced by E and the q-axis reference voltage is replaced by 0 V. 
Exact line impedance should be known before applying the feed-forward scheme in the proposed droop control. In this paper a new method to estimate the line resistance and reactance is derived and its performance was confirmed by simulation. Figure 6 shows d-q equivalent circuits for estimating the line impedance. In the equivalent circuits shown in Figure 5 , the line impedance for feed-forward compensation was replaced by unknown estimated line impedance R e + jX e , and the d-axis reference voltage is replaced by E nom and the q-axis reference voltage is replaced by 0 V. 
Proposed Droop Control
Line Impedance Estimation
Exact line impedance should be known before applying the feed-forward scheme in the proposed droop control. In this paper a new method to estimate the line resistance and reactance is derived and its performance was confirmed by simulation. Figure 6 shows d-q equivalent circuits for estimating the line impedance. In the equivalent circuits shown in Figure 5 , the line impedance for feed-forward compensation was replaced by unknown estimated line impedance R jX , and the d-axis reference voltage is replaced by E and the q-axis reference voltage is replaced by 0 V.
(a) (b) From the equivalent circuits shown in Figure 6 , Equation (14) can be derived:
Assuming that the power angle between the DG output voltage and the load voltage is very small, the q-axis voltage can be neglected as shown in Equation (15):
Using the relationship of active and reactive powers, Equation (15) can be changed into Equation (16):
Assuming that only reactive power is supplied by the DG, the voltage relationship with respect to Q is represented by Equation (17):
Assuming that only active power is supplied by the DG, the voltage relationship with respect to P is represented by Equation (18): Figure 7a shows the principle of line reactance estimation. When the initial estimated line reactance is 0, the load voltage variation with respect to Q is expressed by Equation (17) and represented by the thin line in the bottom. As the estimated line reactance becomes larger, this thin line approaches to the solid line in the top, which represents the estimated line reactance is equal to the actual line reactance. Figure 7b shows a flow chart to estimate the line reactance. First, the command value of reactive power is determined and this value is compared with the actual output reactive power. If the difference is larger than 0, the estimated line impedance is continuously increased through iterative manner. However, if this value is smaller than 0, the estimated line impedance is continuously decreased through iterative manner. So, the estimated line reactance that is equal to the actual line reactance can be calculated. How to set the value of Q is set properly considering the accuracy of estimated value.
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From the equivalent circuits shown in Figure 6 , Equation (14) can be derived:
Assuming that only active power is supplied by the DG, the voltage relationship with respect to P is represented by Equation (18): Figure 7a shows the principle of line reactance estimation. When the initial estimated line reactance is 0, the load voltage variation with respect to Q is expressed by Equation (17) and represented by the thin line in the bottom. As the estimated line reactance becomes larger, this thin line approaches to the solid line in the top, which represents the estimated line reactance is equal to the actual line reactance. Figure 7b shows a flow chart to estimate the line reactance. First, the command value of reactive power is determined and this value is compared with the actual output reactive power. If the difference is larger than 0, the estimated line impedance is continuously increased through iterative manner. However, if this value is smaller than 0, the estimated line impedance is continuously decreased through iterative manner. So, the estimated line reactance that is equal to the actual line reactance can be calculated. How to set the value of Q is set properly considering the accuracy of estimated value. Figure 8a shows the principle of line resistance estimation. When the initial estimated line resistance is 0, the load voltage variation with respect to variable Q and constant P is expressed by Equation (18), and represented by the thin line in the bottom exactly same as the previous Figure 8a shows the principle of line resistance estimation. When the initial estimated line resistance is 0, the load voltage variation with respect to variable Q and constant P is expressed by Equation (18) , and represented by the thin line in the bottom exactly same as the previous explanation. Figure 8b shows a flow chart to estimate the line resistance. The process to obtain the estimated value is exactly same as the previous one.
Energies 2017, 10, 1800 7 of 18 explanation. Figure 8b shows a flow chart to estimate the line resistance. The process to obtain the estimated value is exactly same as the previous one. Figure 9 shows simulation results to estimate the line impedance using the proposed method assuming that the actual line impedance is z 0.1 j0.1885. From 2 s to 9.5 s, the active power P is set 0 and Q is changed arbitrary. After 10.5 s, the active power P is set 5 kW, and Q is changed arbitrary. According to the simulation results shown in Table 1 , the proposed algorithm is confirmed to be effective for estimating the line impedance. Figure 9 shows simulation results to estimate the line impedance using the proposed method assuming that the actual line impedance is z = 0.1 + j0.1885. From 2 s to 9.5 s, the active power P is set 0 and Q is changed arbitrary. After 10.5 s, the active power P is set 5 kW, and Q is changed arbitrary. According to the simulation results shown in Table 1 , the proposed algorithm is confirmed to be effective for estimating the line impedance.
Energies 2017, 10, 1800 7 of 18 explanation. Figure 8b shows a flow chart to estimate the line resistance. The process to obtain the estimated value is exactly same as the previous one. shows simulation results to estimate the line impedance using the proposed method assuming that the actual line impedance is z 0.1 j0.1885. From 2 s to 9.5 s, the active power P is set 0 and Q is changed arbitrary. After 10.5 s, the active power P is set 5 kW, and Q is changed arbitrary. According to the simulation results shown in Table 1 , the proposed algorithm is confirmed to be effective for estimating the line impedance. Figure 10a shows the power circuit of voltage source converter including coupling inductor and filter capacitor. Figure 10b shows a configuration of the output voltage control in which the current control is nested in the voltage control. In the current control, the coupling inductor is cross-coupled with each other, while the filter capacitor is cross-coupled with each other in the voltage control [31] . The closed-loop transfer function for the current control is represented by the following equation:
Voltage Control Design
This equation can be rearranged as the following equation by defining the relationship of equation: The closed-loop transfer function for the current control is represented by the following equation:
This equation can be rearranged as the following equation by defining the relationship of equation: The closed-loop transfer function for the current control is represented by the following equation: (19) This equation can be rearranged as the following equation by defining the relationship of equation:
where, ω C is roughly determined by 1/10 of the control frequency. The closed-loop transfer function for the current control is represented by the following equation:
The value of K pv and K iv can be defined so that the steady state error is less than 1% of the reference value and the settling time is also determined within 1% of the steady state error for the step response. Figure 12 shows the step response for the designed voltage controller and the tracking performance for the reference voltage. 
where, ω is roughly determined by 1/10 of the control frequency. The closed-loop transfer function for the current control is represented by the following equation:
The value of K and K can be defined so that the steady state error is less than 1% of the reference value and the settling time is also determined within 1% of the steady state error for the step response. Figure 12 shows the step response for the designed voltage controller and the tracking performance for the reference voltage. 
Computer Simulation
Computer simulations were conducted for two parallel-connected DGs through unequal line impedances shown in Figure 14 . The power circuit was represented with built-in library model while the proposed control was represented with user-defined model programmed with C code. Table 2 shows the circuit and control parameters for the DGs. The maximum frequency fluctuation was set to ±1%, and the voltage fluctuation was set to ±3%, according to the frequency and voltage regulation of utility. 
Computer simulations were conducted for two parallel-connected DGs through unequal line impedances shown in Figure 14 . The power circuit was represented with built-in library model while the proposed control was represented with user-defined model programmed with C code. Table 2 shows the circuit and control parameters for the DGs. The maximum frequency fluctuation was set to ±1%, and the voltage fluctuation was set to ±3%, according to the frequency and voltage regulation of utility.
Computer 20 (uF) In the simulations, the existing droop control and the proposed droop control were compared with each other for two types of line such as pure inductance and inductance with resistance to analyze the reactive power sharing characteristics. Table 3 Table 4 shows simulation scenario in which the active and reactive powers of load changes with step manner for 10 s of duration. Figure 15 shows the simulation results for the active and reactive power sharing with the existing droop control and the proposed droop control for Case 1. Figure 15a . However, in case of the proposed droop control as shown in Figure 15b , the voltage drop due to the q-axis current is simply compensated by the product of the line inductance and the q-axis current I . The accurate reactive power sharing can be conducted even in the 20-40 s section. Figure 16 shows the simulation results for the active and reactive power sharing with the existing droop control and the proposed droop control for Case 2. When the existing droop control is used as shown in Figure 16a , it can be seen that the voltage differences are caused by the voltage drop due to the d-axis current and the line's resistance, and the q-axis current and the line's inductance. So, the reactive power sharing is not accurately conducted.
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However, if the proposed droop control is applied, as shown by the results in Figure 16b , the active and reactive power sharing will be accurately conducted. By using the proposed droop control applied on the synchronous coordinate system, the difference due to voltage drop can be compensated through calculating the product of d-q axis current I , I and the line impedance. Although circulating current are not generated in the active power sharing, different voltage drops occur in the 20-40 s section when purely reactive power is supplied so that accurate reactive power sharing is not conducted, as shown in Figure 15a .
However, in case of the proposed droop control as shown in Figure 15b , the voltage drop due to the q-axis current is simply compensated by the product of the line inductance and the q-axis current I q . The accurate reactive power sharing can be conducted even in the 20-40 s section. Figure 16 shows the simulation results for the active and reactive power sharing with the existing droop control and the proposed droop control for Case 2. When the existing droop control is used as shown in Figure 16a , it can be seen that the voltage differences are caused by the voltage drop due to the d-axis current and the line's resistance, and the q-axis current and the line's inductance. So, the reactive power sharing is not accurately conducted.
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However, if the proposed droop control is applied, as shown by the results in Figure 16b , the active and reactive power sharing will be accurately conducted. By using the proposed droop control applied on the synchronous coordinate system, the difference due to voltage drop can be compensated through calculating the product of d-q axis current I , I and the line impedance. Figure 17 shows the line currents of two parallel-operated DGs when they supply active and reactive powers through unequal line impedances. Both currents have different magnitude and phase in Figure 17a , which generates circulating current. On the contrary, both currents have same magnitude and phase in in Figure 17b , which eliminates the circulating current.
(a) However, if the proposed droop control is applied, as shown by the results in Figure 16b , the active and reactive power sharing will be accurately conducted. By using the proposed droop control applied on the synchronous coordinate system, the difference due to voltage drop can be compensated through calculating the product of d-q axis current I d , I q and the line impedance. Figure 17 shows the line currents of two parallel-operated DGs when they supply active and reactive powers through unequal line impedances. Both currents have different magnitude and phase in Figure 17a , which generates circulating current. On the contrary, both currents have same magnitude and phase in in Figure 17b , which eliminates the circulating current.
Proposed droop. Figure 17 shows the line currents of two parallel-operated DGs when they supply active and reactive powers through unequal line impedances. Both currents have different magnitude and phase in Figure 17a , which generates circulating current. On the contrary, both currents have same magnitude and phase in in Figure 17b , which eliminates the circulating current. 
Experimental Verification
A hardware test set was built in the lab to verify the performance of proposed droop control experimentally as shown in Figure 18 . DG is represented by an energy storage system which has a 3-phase inverter with lithium-polymer battery in the DC terminal. The line is represented by a series-connected R-L circuit. The same circuit and control parameters in Table 2 were used to 
A hardware test set was built in the lab to verify the performance of proposed droop control experimentally as shown in Figure 18 . DG is represented by an energy storage system which has a 3-phase inverter with lithium-polymer battery in the DC terminal. The line is represented by a series-connected R-L circuit. The same circuit and control parameters in Table 2 were used to compare the experimental results with the simulation results. Figure 19 shows the active and reactive power in the existing droop control and the proposed droop control for case 1. Circulating current is generated in the 20-40 s section due to the voltage drop differences occurring when the reactive power is supplied. In Figure 19a , it can be seen that the reactive power sharing is not conducted. compare the experimental results with the simulation results. Figure 19 shows the active and reactive power in the existing droop control and the proposed droop control for case 1. Circulating current is generated in the 20-40 s section due to the voltage drop differences occurring when the reactive power is supplied. In Figure 19a , it can be seen that the reactive power sharing is not conducted. However, in the case of the proposed droop control, the voltage drop caused by the q-axis current and the inductance is feed-forward compensated to the reference voltage value in the V-Q droop control equation. As shown in Figure 19b , the accurate reactive power sharing is conducted even in the 20-40 s section when the reactive power is supplied. However, in the case of the proposed droop control, the voltage drop caused by the q-axis current and the inductance is feed-forward compensated to the reference voltage value in the V-Q droop control equation. As shown in Figure 19b , the accurate reactive power sharing is conducted even in the 20-40 s section when the reactive power is supplied. Figure 20a shows the experimental results of active and reactive power sharing for Case 2 by applying the existing droop control. The reactive power sharing cannot be carried out due to the unequal voltage drop in the line impedances.
However, as shown in Figure 20b , the voltage drop caused by the q-axis current and the line inductance, is finally compensated to the reference voltage in the V-Q droop control equation separately so that reactive power sharing can be improved. Figure 20a shows the experimental results of active and reactive power sharing for Case 2 by applying the existing droop control. The reactive power sharing cannot be carried out due to the unequal voltage drop in the line impedances.
However, as shown in Figure 20b , the voltage drop caused by the q-axis current and the line inductance, is finally compensated to the reference voltage in the V-Q droop control equation separately so that reactive power sharing can be improved. Figure 21 shows the line currents of two parallel-operated DGs when they supply active and reactive powers through unequal line impedances. Both currents have different magnitude and phase in Figure 21a , which generates circulating current. On the contrary, both currents have same magnitude and phase in in Figure 21b , which eliminates the circulating current. Figure 21 shows the line currents of two parallel-operated DGs when they supply active and reactive powers through unequal line impedances. Both currents have different magnitude and phase in Figure 21a , which generates circulating current. On the contrary, both currents have same magnitude and phase in in Figure 21b , which eliminates the circulating current. Figure 20a shows the experimental results of active and reactive power sharing for Case 2 by applying the existing droop control. The reactive power sharing cannot be carried out due to the unequal voltage drop in the line impedances.
However, as shown in Figure 20b , the voltage drop caused by the q-axis current and the line inductance, is finally compensated to the reference voltage in the V-Q droop control equation separately so that reactive power sharing can be improved. Figure 21 shows the line currents of two parallel-operated DGs when they supply active and reactive powers through unequal line impedances. Both currents have different magnitude and phase in Figure 21a , which generates circulating current. On the contrary, both currents have same magnitude and phase in in Figure 21b , which eliminates the circulating current. 
Conclusions
This paper proposes a new reactive-power sharing scheme to reduce the circulating current when two inverter-based DGs operate in parallel through unequal line impedances in islanded microgrids. The proposed droop control compensates the voltage drop differences due to the unequal line impedance to the reference voltage of the V-Q droop equation through the feed-forward path.
The power decoupling on the d-q synchronous coordinate makes it easier to calculate the voltage drop due to the unequal line impedance. The accurate gain of the proportional integral control was set through modelling the system to enhance the stability and dynamic performance. The circulating current due to the unequal line impedance was analyzed for the proposed droop control through computer simulations and hardware experiments. Through this process, it was confirmed that the proposed droop control suppresses the circulating current. 
The power decoupling on the d-q synchronous coordinate makes it easier to calculate the voltage drop due to the unequal line impedance. The accurate gain of the proportional integral control was set through modelling the system to enhance the stability and dynamic performance. The circulating current due to the unequal line impedance was analyzed for the proposed droop control through computer simulations and hardware experiments. Through this process, it was confirmed that the proposed droop control suppresses the circulating current.
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